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Abstract 

The position of origin of stem periderm has been reviewed for a number of in¬ 
digenous New Zealand plants. Approximately half showed sub-epidermal periderm. 
Carmichaelia flagelliformis and some species of the Gompositae are described in 
detail. Some observations have relevance to theories concerning the origin of 
periderm. 

Introduction 

A most extensive study of the distribution of periderm in stems was made by the 
French botanist H. Douliot in 1889. His work has since been extensively quoted, 
particularly in the teaching of stem periderm development. Since then, most 
interest has been in the causal factors in cork formation, particularly in wound 
periderm. (See for example, Block 1941.) Since no account of the origin of 
periderm in New Zealand plants appears to be available, it seemed worthwhile 
to undertake a survey of native species. In the present work, the position in which 
periderm arises in the stem has been established for nine gymnosperms and 
seventy-four dicotyledons, representing some thirty-one orders and thirty-nine 
families. 

Materials and Methods 

Material examined was collected in the vicinity of Auckland and at Tongariro 
National Park. Shoots were generally taken from one plant only and were selected 
to show initiation and development of periderm. In the case of Myrsine australis, 
twenty plants from a uniform stand were sampled to provide a check of constancy 
of behaviour. Material was fixed and stored in formalin/acetic acid/ethyl alcohol/ 
water (1:1:14:6 volume/volume), within a few hours of collecting. Handcut 
sections were stained with safranin and fast green, and mounted in Canada 
balsam. With certain species, where dark tannin-like colorations obscured histo¬ 
logical detail, the sections were first cleared in Stockwells’ solution (chromic acid- 
dichromate; Johansen 1940). Some preliminary work, staining with ferrous sul¬ 
phate (Johansen 1940), was undertaken to assess tannin distribution in the stem. 

Douliot (1889) showed that periderm could arise in the following cell layers, 
and that the layer of origin was generally constant for one species: 

1. In the epidermis. 

2. In the sub-epidermal layer. 
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3. In the cortex. 

4. In the endodermis. 

5. In the pericycle. 

Esau’s work on phloem (e.g., 1953) suggests that there are actually two types 
of periderm included in Douliot’s “pericycle” class; that which arises in the row 
of parenchymatous cells in contact with, and on the inside of, the endodermis, 
in the pericycle proper, and that which arises on the inside of, or among, a con¬ 
tinuous cylinder of pericyclic sclerenchyma, probably belonging to the primary 
phloem. In our work we have therefore classified the origin of periderm according 
to .the following scheme: 

1. Epidermal. 

2. Sub-epidermal. 

3. Cortical. 

4. Endodermal. 

5. Pericyclic. 

6. Phloem sub-sclerenchymal. 

The occurrence of extensive phelloderm layers is noted in Coprosma pumila, 
Fuchsia excorticata and Dodonaea viscosa. 

Plant names used in the text are according to Allan (1961). 

Results 

All of the previously described types of periderm were found. In Cassinia 
vauvilliersii the phellogen arises in what appears to be an irregular endodermal 
layer. (See Table 1.) Approximately half the species showed a sub-epidermal 
crigin of the periderm. The twenty trees of Myrsine australis all showed periderm 
arising in the epidermal layer. 

Unusual periderm was noticed in members of the Papilionaceae and the Com- 
positae. In Carmichaelia flagelliformis and C. australis the phellogen describes 
several semi-circles in the peripheral stem tissue, extending from the epidermis 
to about one-third the depth of the cortex, and being separated from one another 
by an appreciable distance. (See Plate 1A.) The cortical phellogen frequently 
forms inside small groups of cortical fibres which are eventually sloughed off. 
Thus the semi-mature stem has an irregular outline, but in the older stem the 
phellogens appear to join up and the surface becomes more regular in appear¬ 
ance. 

All the members of the Compositae examined form successive periderm layers 
deeper and deeper in the cortex. This is most obvious in Olearia rani. In this 
species the periderm arises sub-epidermally and the phellogen cuts off a com¬ 
plete cylinder of phellem consisting of one layer only. It apparently then 
ceases to function and another phellogen arises immediately beneath it in the same 
manner. Thus the phellogen comes to lie progressively deeper in the cortical tissue. 
(See Plate IB). 

In stems of Olearia furfuracea the periderm forms successive layers in 
this manner, the layers developing eventually in the secondary phloem, between 
successive bands of sclerenchyma. (See Plate 1C.) 

This behaviour of the periderm offers a probable explanation of the typical 
flaky bark of many of the composites. It also resembles the periderm of the genus 
Vitis (Eames and MacDaniels 1947). However, in Vitis each of the successive 
periderms apparently represent one year’s growth, whereas in the composites, 
several successive periderm layers of a cylindrical nature are formed each year. 

Priestley and Tupper-Carey (1922), and Priestley and Woffenden (1922), 
suggested that the cambial activity of periderm formation is initiated and main¬ 
tained following a build up of sap pressure. This may be traced to a prior block- 
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Plate 1 





1A .—Carmichaelia flagellifointis ( X 65) 

In this species the phcllogen frequently describes semi-circles beneath peripheral stem lobes. 

IB. —Olearia rani (X 65) 

The periderm arises sub-cpidci mally. one cell layer only of phellem being formed. Another phellogen arises 
immediately beneath. This is indicated by the radial walls of the two perideims, which arc not in align¬ 
ment. Many such periderms are formed, passing eventually into the tissues of the stele. 

1C .—Olearia furfuracea ( X 90) 

Here the periderms arise in the mid cortex, and as above, eventually pass into the secondary phloem. 
In the top left region two periderms can be seen, one at the stem periphery, the other beneath the outer¬ 
most ring of phloem sclcrcnchyma. External tissue has sloughed off. 

ID.— J.eptospermum scoparium (X 90). 

This stem is of the type having tannin-like deposits among and external to a phloem sclerenchymal cylinder 
(black staining). In such stems the periderm forms beneath the sclcrcnchyma. as shown (small fibres and 
blackening can be seen external to the periderm). 

IE.— Mushltnbsckia axillaris (X 90). 

This is typical of some stems, which, in contrast to the LeplosOermutn and I.ophomyrlus type stem (sec 
text), have a well developed phloem sclerenchymal cylinder, but in the almost complete absence of tannin¬ 
like deposits, form periderm in the outer cortex. 

IF .—Coprosma robusta (X 90) 

The large cells at the cortical-stclar interface are part of the well-defined endodermis typical of the genus 
Coprosma. The first tangential divisions in phellogen initiation can be seen beneath the endodermis, just 

left of centre. 














Table I. -REGIONS OF THE STEM IN WHICH PERIDERM ARISES IN SOME NEW ZEALAND PLANTS. 
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ing of a parenchymatous tissue which they believed was often due to suberin or 
cutin deposition upon surfaces exposed to the air, or the presence of a secondary 
endodermis capable of retaining sap pressure within the stele, as in Coprosma (see 
Plate IF). 

Our observations showed that certain species in the families Onagraceae, 
Myrtaceae, Escalloniaceae, Sapindaceae, Ericaceae, Epacridaceae, and Com- 
positae formed phloem sub-sclerenchymal periderm. In none of these species was 
detected a complete secondary endodermis which could have caused a rise in sap 
pressure. Priestley and Woffenden were able to detect the presence of a complete 
secondary endodermis in all stems in which periderm was shown to arise at the 
boundary of the stele and the cortex. 

The following species possess a more or less complete cylinder of phloem 
sclerenchyma beneath which the periderm arises: Leptospermum scoparium (see 
Plate ID), Lophomyrtus bullata, Neomyrtus pedunculata, Carpodetus serratus , 
Dodonaea viscosa, and the species of Ericaceae and Epacridaceae examined. In 
contrast the following species have a cylinder of phloem sclerenchyma but develop 
cortical periderm: Hedycarya arborea , Beilschmiedia tawa , Macropiper excelsum, 
Melicytus ramiflorus, Muehlenbeckia complexa, M. axillaris , Weinmannia race - 
mosa } Ixerba brexioides , Nothofagus solandri var. cliffortioides and Alectryon 
excelsus. 

Van Fleet (1961) notes that in the region of the endodermis and pericycle, 
reactions leading to the formations of tannins are common. This may be signifi¬ 
cant in the origin of periderm. A high incidence of tannin-like material as indi¬ 
cated by ferrous sulphate staining, was encountered in this survey in the region 
of the phloem sclerenchyma of some aerial stems which form phloem sub- 
sclerenchymal periderm. 

In those stems of the Leptospermum scoparium type which have been ex¬ 
amined following ferrous sulphate staining, extensive tannin-like deposits have 
been observed in the phloem sclerenchymal and cortical regions, prior to phel- 
logen formation. This is so, even of Fuchsia excorticata, in which the scleren¬ 
chyma does not form a cylinder at all. Often the phellogen arises within the 
tannin itself. In the Muehlenbeckia axillaris type of stem there is no evidence 
of tannin-like material either in the phloem or the cortex. The only tannin is 
localised in the phellem itself (Plate E). Tannin in the region of the phloem- 
sclerenchymal cylinder rather than just the sclerenchyma itself may be instru¬ 
mental in initiating an increase in sap pressure beneath the tannin layer, causing 
the formation there of phloem sub-sclerenchymal periderm. 

This observation is a modification of the suggestion by Priestley and Woffenden 
(1922) of a sap barrier as the causal factor in phellogen location. The idea of 
tannin acting as such a barrier is the result of this preliminary work. 
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